The tamarind weevil, Sitophilus linearis Herbst (Coleoptera: Curculionidae), is an important pest of tamarind and other Caesalpinioideae. Investigating its life history is important in the implementation of management strategy. Its life history was monitored daily to understand its developmental biology on tamarind seed following standard procedures under laboratory conditions of 24-30 ∘ C temperature, 60-70% relative humidity, and 12L : 12D photoperiod. The egg incubation period lasted 3.17 ± 0.07 days. A mated female of S. linearis laid an average of 165 ± 5.78 eggs during an oviposition period of 86.8 ± 2.47 days. There were four larval instars, with a total larval developmental period of 16 days. The pupal period lasted 8 days, and adult lived 108.5 ± 3.61 days. The overall growth ratio for the four instars was 1.33. There was a regular relationship and significant correlation ( = 0.94) between the stages of larval development and head capsule width.
Introduction
Tamarind (Tamarindus indica L.), apart from being an important tree crop, is also valued as fuelwood and ornamental [1] , medicinal plant [2] , and livestock feed [3] . Tamarind plants are very useful in a lot of ways, roots are useful with other native medicines for the treatment of leprosy and chest pain in Northern part of Nigeria [2] , seeds are astringent for the treatment of dysentery, ulcer, boils, and diabetes [4] , and the pulp and leaves are used for cooking, preparation of refreshing drinks, confections, and ice cream [3, 5] , which necessitated man to explore different parts of tamarind for his use. While some insect pests like Paraplisa gularis, Corcyra cephalonica, and Caryedon serratus [6] are known to infest fruits and seeds in the field and store, tamarind weevil, Sitophilus linearis, is a true most devastating seed pest [7, 8] , which is capable of causing economic damage to the seeds of this plant. S. linearis is a congeneric species of Sitophilus granarius (L.), Sitophilus oryzae (L.), and Sitophilus zeamais (Motsch.), important insect pests of stored products whose developmental activities and feeding could cause qualitative and quantitative damage [9, 10] . The infestation of S. linearis begins from field after fruit ripening and damage continues when the fruits and seeds might have been harvested and stored. Life history of tamarind weevil was reported last in 1920 in United State of America [7] . Consequently, information on the developmental biology of this species is lacking in the literature in this part of the world as little or no documented work is available on it. Therefore, for effective management of the pest, it is pertinent to investigate the developmental biology of this pest in local environmental conditions due to its ability to attack Leguminosae. This study reports the biology of this pest on tamarind seed in Nigeria.
Materials and Methods
Tamarind fruits/seeds used were sampled from the total collections obtained from the field surveyed work on tamarind obtained from selected locations in the savannah areas of Nigeria, where tamarinds are predominantly available. This was done in the months of November to January 2012 and 2013. The seeds were carefully removed from pods and pulps; these clean seeds wrapped with cellophane paper were 2 Journal of Insects relative humidity, and 12L : 12D photoperiod. Twenty-five pairs of one-week-old tamarind weevil were introduced into 100 g seeds of tamarind in 10 lb capacity Kilner jars covered with mesh lids and replicated five times. After seven days of feeding, mating, and oviposition, the old weevils were removed. Kilner jars were observed daily until the emergence of the teneral adult weevils and they were removed from the cultures as they emerge and sexed using the method described by Halstead [11] . This insect culture was maintained and used as source of S. linearis throughout the course of the study.
Samples (200 g) of tamarind seeds were weighed and kept in Kilner jars. Since large numbers of weevils were required and daily emergence was not enough to provide them, two hundred 2-week-old unsexed adult tamarind weevils from the laboratory culture were introduced into each of the five Kilner jars (A. A. Omoloye pers. comm.). They were allowed to remain for 4 days to feed, mate, and oviposit on the seeds and thereafter removed. A daily dissection of the infested seeds started a day following the removal of the insects in order to study larval development of the weevil. The cylindrical cavities dug in infested seeds by the weevils were keenly observed to locate egg plug. Twenty pieces of infested seeds were dissected daily in a petri dish for vertex measurement using binocular microscope fitted with a micrometer eyepiece and digital microscope. The stages of larval development were determined using the measurement of vertex width [12] and duration (days) from the beginning of oviposition until the time of each dissection; these procedures continued daily until adults emerged. Using vertex width measurement for larval instars, t-test for conformity to Dyar's rule was conducted [13] . Data were collected on developmental time and width of head capsule on different instars removed from the grains dissected daily for tamarind weevil species.
Data on head capsule widths of larval instars were analyzed using analysis of variance (ANOVA) and means when significant were separated using Tukey's Honestly Significant Difference (HSD) test at 5% level of probability. The relationship between the head capsule widths of all larval instars and duration of each instars was subjected to regression analysis, and the regression coefficient (R 2 ) was determined.
Results

Life History and Description of the Life Stages of S. linearis.
Mating in S. linearis began few days after emergence, and the female started laying egg a week after mating. Oviposition period ranged between 77 and 98 days with an average of 86.8 days. Total average number of eggs laid per female was 165 with a range of 132-189 eggs ( Table 1 ). The egg incubation period was 3.17 days with a range of 3-4 days. Average longevity of adult S. linearis was 108.5 days which ranged between 91 and 126 days. The adult S. linearis bores into the tamarind seed using its strong rostrum. It excavates a cylindrical hole in the seed and lays eggs in it (range of 9-34 eggs), the eggs were grouped together, and the female stayed in the cavity until it laid the last egg but it moved away when disturbed. Female tamarind weevil bores a single cavity at a time for 2-3 days and lays 9-34 eggs in it, and a range of 2-7 larvae hatched later. The egg of S. linearis is oval in shape, whitish, and somehow rounded at the bottom. It is glued to the tamarind seed in the cavity, and measured 0.61 mm in length and 0.3 mm in width. The eggs hatched after three days, the newly hatched larva is apodous, fleshly grub which is pearly/creamy white, and the head is light brown. The means of head capsule of the tamarind weevil larval instars increased from the first instar to the fourth instar and were significantly different ( < 0.05) from one another ( Table 2 ). The mean body length of first larval instar was 0.57 mm with a range of 0.50-0.61 mm and the body width was 0.33 mm with a range of 0.27-0.37 mm, and the first instar lasted 3 days. The second instar larva is creamy white, wider, and longer than the first instar, it measured between 0.52 and 0.69 mm with an average of 0.61 mm in length and between 0.31 and 0.57 mm with an average of 0.48 mm in width, and the mean developmental period was 2 days. The average body length of the third instar was 0.84 mm and ranged between 0.73 and 0.92 mm while the average body width was 0.69 mm and ranged between 0.56 and 0.79 mm. The mean developmental period was 2 days. The fourth instar is wider and longer than third instar larva, it measured between 0.90 and 2.51 mm in length with an average of 1.71 mm and between 0.78 and 1.20 mm in width with an average of 1.09 mm, and the mean developmental period was 9 days. The fourth instar larva transformed into prepupa which molts into pupa few hours later. It appeared white, with oval head with slender and elongated beak. When observed closely, the pupa is exarate (legs and appendages separately encased), and the wings and legs were not glued to the body. It measured between 2.56 and 4.15 mm with an average of 3.86 mm in length and between 1.30 and 1.61 mm with an average of 1.46 mm in width, and it takes an average of 8 days for pupa to develop into an adult. The newly formed adult (pharate), light reddish in colour, does not leave the tamarind seed immediately but waits inside the seed for 4-7 days (average of 6 days) until its body wall hardened and is active; the colour then changes to dark brown. After its emergence, the seed becomes empty with frass (mass of powder) observed. The tamarind weevil completed its life cycle in 25-33 days.
Growth in Larvae of S. linearis.
On the basis of the daily mean widths of the head capsule measurements in the study, four larval instars were identified (Figure 1 ) and the duration of larval instars was 16 days ( Table 2 ). The head capsule width increased with successive instars. The growth rate of the instars varied between 1.21 and 1.44 with a mean of 1.33 for this insect species (Table 3) . Table 4 shows the conformity of the head capsule measurement to Dyar's rule, and, based on a t-test for the differences between the observed average head capsule width and the calculated average (d), a t-value greater than 3.182 was needed to depict a significant difference between the observed and the calculated averages. However, a t-value of 0.47 was obtained (Table 4) indicating no significant difference and indicating that the data conformed to Dyar's rule. The relationship between the measurements of the head capsule and accumulated days of larval development was a regular one. Linear regression line and the correlation coefficient ( = 0.94; < 0.05) showed significant relationship between larval instars and head capsule width (Figure 2) . A straight line generated in the figure also indicated conformity to Dyar's rule.
Discussion
The study on the developmental biology of Sitophilus linearis on tamarind has not been pursued extensively in this area where the study was carried out. The mean incubation period of S. linearis eggs in this study under laboratory condition was 3.2 days which ranged between 3 and 4 days. This was in agreement with the earlier report that the incubation period of S. linearis is 3 days [7] . A similar incubation period of 3-4 days was reported for Sitophilus rugicollis [14] , a congeneric species of Sitophilus linearis and other Sitophilus species, whereas an incubation period of 5.1 days was observed with S. oryzae cultured on maize grains [15] . The little variation observed on the incubation period could be a result of prevailing environmental condition, especially temperature recorded in different locations. Mated females of S. linearis laid an average of 165 eggs (range of 132-189 eggs) over a period of 86.8 days with total developmental period (egg to adult) of 25-33 days. Similarly, a developmental period of 22-26 days was recorded on the same insect [7] ; also sal seed weevil, S. rugicollis, had a total developmental period of 22-34 days [14] . The adult longevity ranged between 91 and 126 days (average of 108.5 days), and the oviposition period ranged between 77 and 98 days (average of 86.8 days). These findings were similar to earlier report where the oviposition period of S. linearis was 84 days, and total number of eggs laid ranged between 126 and 165 eggs [7] . The moderately high number of eggs (132-189), shorter larval developmental period (16 days), and long oviposition period (77−98 days) would enhance faster population growth, multivoltinism, and sustainability of S. linearis throughout the year. The larval head capsule width when measured with successive instars and the frequency distribution of the width of head capsules of the larvae showed that there are four larval instars. The growth ratio varied from 1.21 to 1.44 with a mean growth ratio of 1.33, which tends to be very close to growth ratio obtained for other curculionids, black soybean weevil, Rhyssomatus subtilis, 1.32-1.50 with a mean growth ratio of 1.45 [16] , Guava weevil, Conotrachelus psidii, 1.34-1.42 with a mean growth ratio of 1.37 [17] . The significance of this growth ratio is that growth progresses at a constant rate in each molt. The regular relationship of the larval vertex and the significant regression coefficient (R 2 = 0.939) clearly confirmed that no stadium was overlooked during the study of developmental biology. The total larval developmental period was 14-16 days and with a pupa developmental period of 8 days. This agrees partly with earlier report where S. linearis has larval developmental period of 14-15 days and pupal period of 7-8 days [7] . So the life cycle of S. linearis consists of egg, four larval instars, pupa, and adult.
